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MR. Albert ! 

UJHAT ARE you DO/M<$ \ 


’ A 5E at , 

Archibald ■ 



]f /7 Oio 


m 




a 


Ab 




Co5A\0L, /4|RCHIBALX>: 
Deft CosMoL... 

DAT Points DEB bO*y 


TH£ UJAV? MufTf UJAy? 

^ VoN't UNDERSTAND. 



UlODEftSfAND? OH,}*, 
UNN&R STAN 1 ... 




EvEdyouE soys you. hAf' to -think 
LO ... DATS ^arba^e i 


OnlT,.. CoSMOl- ^ 

CAN Po/fJT DEB UJaV..- 


... 



/ ! 0’ 


1 V 

A 


.A. 






r , > 

fIHE: wfiy. ? Oh, -that UO^y! Wa/oifT... 





Q05H, tOHATS "fHlS G^APS/ET ? XT LOOKS U KE 

a rolled for. a -Teajnis coujix- ■ . may&e For. 

PAmriMq 'Thim^s. 



X CAM PUSH IT"'y 
<5TKAK*HT AHEAD 
WITHOUT ANy TROUBLE. Bvcf 
it uJowV BUO^e A HA//? 5 
PREAJX/I -f 0 
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( X UJONOER UMAX TtflS 
HANDLES Fb£ ? 

/4ha i Xr unsticks 
the Roller And lets 
ME CHANGE OlREcriorJ 
EVER>/ SO qFTER. 


OjiXh The Aid of -this strange device, 

Archie cam d£AlO GEODESICS 0 m a surface. 

U6INQ THESE qgoDESICS, HE cAN toRRUO 

'TRIANGLES: ) s' - 





(\ SURFACE IS A Z- DiMEfsJSlOA/AL Space. XhAT is, you. NEEJ> XU /0 

VUAA3E«5- r(06 C06RP/\lAfE5 — To SPEC.Fy THE POSITION OF A fo/MT 






Lessee ... if rue space is EUC.LI D£"/W t men/ -the sum of 
'THE ANGLES OF A ttcian^le IS 1 * 20 °. 




IOHeN THE SPACE HAS NEGATIVE 
CUK.VAfU.tfE- ^ fHF SUM IS LESS 
THAN (?0° 


In/ a- SPACE of POSIT/vE ojKVATUKE, 
If’s GREATER than ISO! 


SPACES WITH 
VARiA&LE CURVATURE 




Here’s the cun/n/in/c ihventoR. 

his MElO BRAINCHILD ; -the CUR.VI METEfc. 
It's made from -three flexible STRIPS 

UJHICH CAN 'TLUZN FREGLyl ABOUT THREE 

Ri vers /A , B and C.__ 


lo Fin/D THE LOCAL 
CURVfVTURE’ it suffices -to 
LAY THE CuftVIMEfER oM THE 
SURFACE AMD MEASURE -TH£F 
ANJG,lE 5 uJIfH -THE Bu.llrr- IN 
FEofftACTotfS. 

POSITIVC cuRVAfU-PE \ N&C fTU'JE cU.tfVAtU.tfE 

($ Fod Tu/meK details, see Hefit'S looking PT EUCUD <he same series. 
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THI5 BUMP /K) TKB TLANB 15 MADB FROM A CEMTBAL RECKON OF P05\Tt\JG 
CuAVfiru.f?h; 5 UfUtOUHPEP By A REGION OF HE$ATIvE CMR.VA~TUJ?B. 



^TteqioN of ■ 
roe>TTi\j£ 

^ cu*vATueg 


^41010 or isiec,*Tive cutzv/mu?£ 


fkoM -rug- Ft>, wr 0F if/EU op 
CaRVAtuiQF i A PCMf fS JUST UKB 

A Bump . 




#£$ 10*1 OF 2 ?^Q^c 4 j^i/ 4 rmfg 




/■Of 

i 7 3 

•it o 

V. . v-A^ 



/CeiKey, ip nr aimt 
mi srfiKtbj, h'ip's a 

Blinkin' -torus, 





/Im a VIR(*0 RWSELF ... 

OH, X SEE. >^5, fHEI?E 5 fl 
BAMD OF POSITIVE - CURVATURE FIWP 
A BflNP or negative curvature, 

SEPARATED S'/ » FRONTIER 

HAViNJG, ZERO CURVATURE^ 


Xo Fin/P THE FRONTIER, P1AKC A 
-T0Ra5BUf?qeR ws/MG, two places 

E 6 R BUNS ■ 


> 

XiReslAS, Old Eru.it, 'as it gveft 
STRUCK y&^ THAT y£R. SHELL 15 "JUST 
A TuJO' D< MEaJS/OA/A L SPACE" u)|V 

variable oi^vyruRE f y 


LEWfMy, ■51'OP 
BUO,^i<V<=, XiRESlAs[ 











CONICAL POiNTS 


You'll 500n see, Archie, that 
THene fWt ev£M stran^lR 'Thing,s. 


Buzz. off, fj«esifl 5 - X 
sensc A Thirst for. K/v/dtour&^e 

COMiNC» UPON MF... 




60 a IT FOB 
"Boo- Boo j 


U/ATCH, Tires/as — Xm e,o/N$ To dRAlj A ^R - 115 ON 

THF SURFACE By MESH/MGj ^FODESICS. TtfATTL M 6 

OF triam^les. 


HEAPS 




TyPicAL — /4 rchif’ s mesh/nc) 

ABOUT AG|A IN l 



On Lord, X can't see what's qoing, on 
fire all! IjJh AT *5 'HAPPENING} ARourJD TH/S 

POINT P ? 



TH£ CUNN/kJ^ isveNTofi. 
HAS FoROjoTTCN *To use HIS 



curvi Mere*. 





Oh, X see l Xf my comta/ns -rue rip of A coa/e 

then the sum of rue angles is allows grpater. -than l?0°. 





/Hold you* horses / Xt's ajot that 
simple / Suppose instead X sen the 

fume PMP Am A SECTOR COtfH AN$l£ 6 


DW tell mE- 
<?ets a 
Bu/vk/^ ■» 

^ NEC, A CONE., 





/id is Time, / p the -triangle 

COMT-4/NS The PO/MT P, THE AM^lE-SuM 
60ILC BE /SO® - a. 5 MALLEI 


TAAH 1 2 O 




Bur ip the po/iMT /s outside 

TH£ -TRlAtOC, LE, the Sum IS /^ 0 ' 
A£,Aihl. 


"This PRoPEiery op comes is imdepemdemt 
OF the SUE of TH£ rAlAM^LE : you. GET -TH€ 
SAME RESULT WHETHER /r's LAR^E OR S/T1AL6 








/» 


pun 

Xs the 


— THAT 5 CRflzy l 
STUPID TH)MO} C URVE£> 
OR. NOT ? 


' A COMICAL Poif^Tj \ 
Archie ^ is a con cent *ptfp 
Piece of curvature. / 




/4uJfly FKLoM THE CONICAL POINT; 

THE SPACC IS ( LOCALLY ) EuCUDe/W, 
UJITHOUT P\Ni CUftvATURE . 

^)/y /^OpBhJ VouR coNP 

( AMD LAY IT OUT FLAT. ) 



Xh 6 ANG)L£ O MEASURES 
THE >\Mou»\JT OP CURVATURE 
At the comical Point. 


HeRp'5 10WAT /AkchI£ 

(qOT / ZOHEH HE OPEMEP 
OUT A coME HAV/fsJq 
P05ITIVE CU«VATU.Rg. 


UjHE^EAS, IM THE CASE OF MEG] ATIVE CURVATURE... 



H£-6acoME 






'"So UJW A"T ST OPS ^ 
ME f=Ro/V! DO/NGi THE 
5AM £- on/ A SPHERE ?, 


i ake~ f PLANE surfa c£ fnD Rule 
ir ujiTH geodesics to form a regular 
SC^UA rtE G,ieiD. UJe say that -the SURFACE 
Has Been/ Tj led w>irH identical SQUARES 
Up toe follo'u) a- PATH, oR "TKATECTORV, 
that curs EACH SUCCESSIVE SQUARE AT -the 
SAME AKJQLE^ THEN THL5 RATH WILL AOJAVS 
8E a CfEOptSIC ON THE SURFACE. 

TJU 


U3eLL ; YOIl MIGHT START 
gy -TRyiHQ ro riLE A 
SPHERE NEATLY WITH SQUARES 
•That uJCU-LD BE NOVEL. 





"Th£ MERIDIANS OF f\ SPHERE 
are ITS QEOpesiCS. A PATH 
OUTTiNg* -fHE MERIDIANS AT A 

constant angle ; other than 10 ° 

will invariably Wind towards one 

K of -the POLE'S L 




Navigation on a fiyed 

HEADING LEADS TO . . . THE ?0LE 1 



M 
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Kioto you see the 
Point of nv/ remark. 


/Ire you. twin ter neeole me? 


V o 



Oh 'eck. 


vJ \ \ ./ Another ujov to produce ^ 

^ y\ I -the tilings that Archie 

t ^ OT 15 to stretch SOME 
\ FA6k?IC. 

Remicvimq almost all of the PLANE and APPLy/NG, 

THIS PROCEDURE jM R.ES/F.RSp’ v/ 

IN KEVE«se_, you. (5er this : a patters/ 
Line- meridians and parallels. .. 


A w 2 






«1 
M 




... AT A 

POLE , 



_ -_— — i— t-— 

POLE IS UjHATs LEFT lohen YOul TAKE enept thins else 
Just A CONCENTRATED CURVATURE OF 3toO° Qa course:, the 

eARlVs POLES AREN'T LIKE THAT, BECAUSE YOU- T>oN‘t HA VE TO 
V STRETCH THE SUR-FACP -to SEE "THE PATTERN. 











MEASURING 

CURVATURE 


^ j 


AzcHie- seems to be 

PLA VlNQ A CROSS Be-TUJEEN 
DOM I NO S AND RoPSCO'fOi 




Rmmm... PeNNsyLVflwiA Avenu-e f* 


’XfHf 08TECT OP THE (SAME (5 TO 
CAMfLeTELV SURROUND A PO|NT OF 
CONCENTRATED CUftVATU.RE OJITH 

Squares^ reePin^ the Direction 

of r>ie AieeoiO the same from onp 
To THE NEXT. IAAeN you G,0 AU_ 

THE? uJAy Found P, f * 6 ANJG,<-E 

THRou_6 H WHICH THE AFROoO 
HAS TURNED <^lVE 5 A DIRECT 
MfASuFe OP THE CURVATURE 0. 


Some examples : 

PLANE; cyuNpeR., 

CONE C*OT SurRoumdinQ 
THE Tip}- 
CMR.VATURE ZERO • 




<So once Round the point in any £irect/on. 

iF THE ARRolJ TURNS THE SAME uJAy, youVe <$OT A POSICONE 

The othpA cufly, and youW c;ot a negative one:. 








curved surface y in the usual seMse of 
The PHRAS£ y CAbl BE THOUGHT OF AS a VE&y 
LARG,E NUMBER OF T/rty /VUCPO COM E s , G,Lu.eD 

<0$£THee . 


You C'W ALSO JOIN TOGETHER NEG/ACONES 
OR. A MIXTURE OT PoS] CONES A-HD NEC,A CoNES 

THAT CASE THE ANG,L£'SuM OF A TRjAW 0)LE OJli-L 

BE /S5 0° PcuS THE 'Total AMou.bJT OF CURVATURE 

INSIDE IT t cou.NT£t> A L<^eBRAIcA LLV C PLu. 5 FOP- 

FOSleofijES AND MINUS FO R NE<$ A Co N E SJ. 






PATCHWORK 


S&PHIg; UJHRT WILL i GET IF ASSEMBLE A lot OF JjECiflCOKES 


,/ For example, \ 

/ weGjAcones cont\ 

©= -ISO 6 . 

eouwMRV fS A 

HExAC^ow WITH SIX 
tZiqHT AMBLES. 





So you. CAW To IN T MEM U/^, 
FOUR PtT Pi 'TlPPB. 




1 



/ By Purr/^G, \ ^ 
/ rW)£NTV OF THEM \ 
TOGETHER, you SET I 
7 this piece oF A surface 

OF NEGATIVE CU|evA<UPE ; 
yARRAl\)(^EI> LIFE THE "TWENTy 
corkifPs oF A 

DODECAHEDRON. (*) 






C*0 FroM the GpeeK'. OoDEKA = Twelve ‘’FDPoM 
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PROJECTIONS 



You cfithl PROTECT THE GEODESICS OF A CONE 
ON TO A PLANE . 

£ 




You. Kfs/OlO, THOSE UNES REMIND ME 
of TRAJECTORIES or particles 



7S 

t 

fi 

r r >-^ —i- a — 

J Mass m 





3 

d 




—1 

I- 

L- 




DER IDEA Ar DER BASIS OF GENERAL 

RELATlVlTY is to Replace MASS By 

LOCAL VARIATIONS IN DER CuRFATuRE 


OF SPACE . 


Are yeR TRyiN* to tell me 

THAT MASS iS A BUNKlN 1 AN^L£ ? 



Hi HI ! Pu-f ME DoioN 
FOR ''t/s 








Yes — PROVIDED VOU MEASURE mass AS A fc/ND 



OF CONCENTRATED cuR-VATILRE. 





Let me cnecK IVe $or ale this straight, 

MR. Albert. VouRe sAy/wq That bends in 

TRAJECTORIES, cAU5ET> By FORCES, ARE ReAU-V 
JUST AN EFFECT OF THE PROTECTION , /NTO 
OUR USUAL LJORLD, OF A <^EODl=S 1C TRAJECtORy 

OlN SOME O'J'HER SURFACE. 

=4^ More audpV mfta fizuoks J "' n \ 


No . TUST ^eoME-fRy. 




X <^if' you. an example. Tmachin’ vourself -to 

BE INI a SPACE CAPSULE > jN ORBfT ARollND 


EAR-fH. 


CtiKey 1 UJz've qoNe ujai$nTL£ss 


Oh 'eck * 


<T 4 




/V 


V>Jv_K 


I 




Nou> toe can ptrty a raTHeR 

UNUSUAL K/ND OF BlLLM£D5. 


I 


^As FAR AS X CAN TELL, 'This THINE} SEEMS To B€"'N; 
Built F/RoM "Floo transparent surfaces, toi-TH lots OF 

FOLDS ANP DENTS, both EXACTLY THE SAME /VNl> . 

LV/NC, parallel TO EACH OTHER- 


PAT PERMITS ME TO 



SHOOT DER TJNY MARpLES 
B£TuJ££N DEM And OBSERVE 

dere trajectories. 





^The TRAJECTORIES do not 

DEPEND ON THE 5PEED V 
because THIS IS deemed 

TO BE CONSTANT THROUGHOUT 


THE" MOTION. 




vus ' r DIS CA55/ 
ir Follows PAT all 
Possible trajectories are - 
GEODESICS. CXf we weren't 
/WEIGHTLESS, DI 5 U)OLLU>N L f BE 
DER case.) 


Oh, LOOK THE LAMP IS PROTECTING 
THE TRATECTORIES on to THE FLOOR. 
OF THE CAPSULE:/ 



Anyone who could only see der shadows ujoulp th/nk dat 

PER OBJECTS MOOPING, IN DER PLANE U)ERE AFFECTED By R 

PI6 LD of FORCES. BuT Really it's All due to d€R 
CURFATURE of der surface. 




So when i obs eRye the Path of a comet a-Rount> -the sun, 

//via g» i ^ 1 That /r's taking Place /n a three- dimensional. Eucudean 
SPACB / WITHOUT CUR.VATLLR.bj IN FACT TH6 COM BT IS FOLLOWING, A (^EODESIG 
/N 5C>ME OTHER SPACE j COHERE ITS TRAVELING, • ■ . ST#Al$H7 AHEAD?/!! 


We see on lY -the shadows or ReautV. 


O' 

/ /.< 




Light auofws \ 

FOLLOWS A QFODESIC, "TOO. 


That's a ve*y Platonistic 

SENTIMENT FER A SNAIL; 
TlRESIAS OLD BEAN. 


The only ujav To 

<^o is STRAIGHT. 


I 





^Y^knovo ) Triey Re funny thing, 1 ? , these: 
G,eot>es\cs. Tt you, protect them in A 
DIFFERENT DIRECTION } THEY DO N V LJORK . THE 
SAME UJAy AT AO-f _ ^ 

tCxx 


'Tiresi as ! 




MASS and MATTER 



hurt's MASS isn't CONCENTRATE^ 

PT Pr POINT, orb'll THiNK OF THIS 
REGION OF SPACE AS A 
SMOOTH Eb - OUT con E . 

VgR.y Mrtss/\/e objects canj cuftve space to 

5MCH aw EXTENT that AN OB SERVER CAN SEE TWO 

IMAGES Xj_ and X 2 of THE SAME star E. TH IS 

enrecr, a^xiouja/ as a GRMITflriONflL LENS p 

HAS RECENTLY been oBS-EKvep /K/ Lt$H f FROM QUA5Af?S. 
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THE MPIS5SS OF ATOMS AND PARTICLES ALL- 
CONTRIBUTE TO THE GENERAL cuievAruieE Op 

The universe". 

: ..-t 'C 

So MASS has a — 

Qe OMETtfic. SIGNIFICANCE'. / 



ANG ON, wcrr ABArtT 
8 ET|V£eN TH 6 ATOMS ? Th€RC 5 

^ huffin'* there ( . 


NoiaJ my dgAtR. fellow, haven’t you. 

HEARD That the old opposition between 

MATTER and the VOIP /s totally 
OUTMODED 7 Thp ONfL/ thi^g, 

NOWADAYS <q£OMeTRy. 






Wot Abaht n/E'QACONES, 

S/^ART ALECK? 



'Those contuse op the 

lt€ft OF "NEGATIVE MASS," fiRoDUC/N^ fit 
RBPUA.SIVC FORCE. A UNIVERSE FULL. OF NEGATIVE 

MASSES would be PECULIAR. XNSTEAD of 

Qflt/ix/es, 'THERE IHOULD BE LOTS OF BUBBLE’S — EN ORMOU5 VOipS, Sf/V FACT, 
-THE MASS OF THF <^f\Lfi%lES 
SEEMS TO BE DlSTRlBLCTED 
LIKE -THIS; FOKMINQ ft STftfiN<-,E 

cellular. 'Tissue ■ Each cell 
is ABOUT 200 MILUON/ 
ug^ht -years across. 



Perhaps gravitational foatfs become Rfpulsiue at a very 

LAR^F DISTANCE . 
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POLVHEDRA 



Mou )j Archie - : REMEMee*- taat y oil c^rv 

PRODU.CC (q£0DESIC5 ON A SURFACE" uzinq st/ckY 
rAP^? Vt/rfftT happens if y^w, 8 ENt> twf 

V 5URFACC ■? _ „ 


X_F you BEND THIS V n Y 

CONE ^0 = 90°) THE GEODESICS 
PoN'T CHANGE. CiHE Sf/cxy TAPE 
just bends loth *fhe surface.") 
Xn fact you can fold it to 

FIT PERFGCfLy OVER. THE CORNER 
OF A CUBE. 




/S|M ILftRLV, you CAN fY\f\KE THREE FOLDS 

,N this cone C6= ISO*) SO that /t 
FITS OVER- THE CORNER OF A 
v RE&lu-AR TETRAHEDRON. 











SPACE MUST BE 
OPEN OR CLOSED 















On f\ SPHERE, ‘THE' CURVATURE IS UNIFORMLY DISTRIBUTED. So THE 
SUM Of THE ANGLES OF A -TRIANGLE DRAUJN ON A SPHERE 15 eaUAL TO 

I < 80°a- 7<2.0°* -g- vvhere s is the area of -me triangle and S 

the area of -the sphere. -The SECOND TERM 7 / 2 . 0 ° * 5 - REPRESENTS THE 
AMOUNT OF CURVATURE" contained in THE triangle . O) 

--x TJuL 


For example, -this triangle 

TAKES UP ONE ^l$HTH OF 

the surface of A SPHERE, AMD: 

A+B + C = 120°+ 230° = 270° 

S' 

U/HICH IS SUVC-E all THK&E 

ANG-LE? AR£ 90°_ 





Steepin' 1 






'Cn DER. SAME CHENERPlL BINE 
OF IDEAS j IF DER MINIMUM DENSIT/ 
IN OUR THREE' DIMENSIONAL SPACE C DAT 
IS, PER CUR.FATU.RE PER UNIT VOLUME) iS 
MORE DAN 10' 29 <SM / CM 3 , DEN SPACE 
CLOSES UP ON ITSELF LIRE A SPHERE. 


Mr. Albert, tell me, 
what's the total curvature 

of A TORUS r 7 


■ S/mple, Archibald. All you. 

HAF f TO DO IS THINK OF T HLS 
| aJAV: F/GHT POSICoNES (&=t90°) 
i AND El$HT NE^ACONES (6- - 90 ) 

(V) A theorem of Gauss 
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'iHE SUM OF THE SIXTEEN AH^LES 
SIXTEEN CURVATURES — IS ZERO. 

So the Total curvatuPc 

of -the Torus is... zero! 



Ja, ta . 



I 1 f ^ ) f ANnH,m Mrrt 

jA ^ 1 ) / * SPH0?^UKE SHAPE 

HAS A TOTAL curvature 

^ ] \ EQUAL T0 Dftf IS 

\ Htt Radians. 

ft TOR U5 WITH W H0L6S, A FOUGjASS£C*), 

LMU. have A Total curvature OF -^ 7 r(M-JL). You Lose 4 tT for & C h hole. 
Awd if you make am object dat czudsesup^o^X 

ITSELF Ut<E A POLVHEDRONl, DEN) when) you SUM \ 


all per COKICEKJTRATED CURFATURES at I>ER 
CORNERS, you. G,ET T?ER- TOTAL CuRFATUffE A^A/M. 




''fiRgSIAS, 

OLD FFuiTj vVOT 

yER Doin|' ? 


s' , \ 

TM TRVIRO To 

F/ND my TOTAL 
CXiRvATuRF. 


0*0 A FOaGASSE” IS A SORT OF LOAF MADE iM 
The south of France ; iohere the author lives* 





FiRST ENCOUNTER WiTH 

A BLACK HOlE¥S3g£ 


^ A 

Vl/euu, lOELL - id HAT *5 'THIS! 

A Cosmic Pj-uGjHolb? 




mm 

<r 1 



£ 2 ^ 


i-W USED My Sficw TAPE -TO 
Df?AW/ SOME GEODESICS ON THIS 
WElflD SuRFACg. 









(KJ * TLAN/AR njofti-D would 'fH/Ntr 

OF "THE TRATecTotflES UKE THIS. 



TOL) CAKJ MAKE youR. O ION BLACK HOLE 
U$/AJ(3| A PtAWE wl ^ H A HOLE IN IT 

six truncated cones (joined edoie to e&^) 
And a ctlinD eft (®y 










^Aa//5 f" 

TO 



iyp 

j - \ - .* * -. 



CXLtNOER 


VARIATIONS 












RuLE 5 Of THE 4 AM E : '/OLL MUST 
DRAW UnES THAT CUT EACH ^RH> 
Ar a E(*eD AW^LEy WHILE 

MAINTAINING Cof/SlS-rewcy AND 
CONTINUITY AT EACH BouNDAR/ 
CIRCLE WHeRE THE <^eiDS TO/n 

up. The closer yoiL approach 
THE black hole, the stronger 
rrs attracTi oN un ll seeM. 
Within the HORIZON CIRCLE 

THE TRAJECTORY WILL Roll UP 
INTO A SPIRAL. NoTe THAT 
THE CENTRAL 3*i^ WHICH IS 

ROUE'SHAPeD C AN BE OBTAINED P*oM A <^RID OF GEODESICS ON THE CfUNM, 

1 viewed in PERspecnvf- 


ANQ °N THERE . \ 

ScEMS -TER /VIE 'THei? 6 / S 50 NF/NK 

A BIT COCKEyeP abaht this 


'0L6 SET- K-p ( 



Vep'vE REPLACED MASSES 8 "/ CURv yTuRES AND 
TRAJECTORIES BY BLlNKlN * QE O - DEES ICRS. BuT 

wotch a ^onNA do abaht the h INITIAL 

VELOCIPEDE ? 




The TRATecfoRy RXLoweD BY AM °BJecT 
WITHIN THE FIELD OF FOR c£ GENERATED BY ONE 
OR SEVERAL MASSE. DEPENDS ON ITS INITIA L 
VELoetTy V c . 


For example; cannonballs 

IN earth's GRAVITATIONAL field. 




Does i'HRT MEAN 'THAT ALL THE t>RAu_Jifsj<^S SO FAR co£RES?OK/fc -fO 
■JUST ONE PARTICULAR. VAUi-e OF THE- INITIAL VELOCITY V 0 ? 


r vv 


THE ABYSS 




“fHWK OF a WORLD BU/lT 
LlKe AN ONION, /N CdUCCWTRlC 
LAVCCS. C*) 



COSMIC 

PARK 



fo eAch layer THgi?e corresponds a MAc-,wiTooe V of th£ 
velocity. The faster Voic GC^ the deeper you 0)0. 



^ /\< THE Speeo op 
LK^HTy you REACH the 
/VII POLE OF THe ONION. 


HIS MODEL HAS Bec.Nl INTRODUCED in EVER'/'THlWG IS RELATIVE (same 
dries') under thp name Cosmic Park. 






aE THeRe AR€ No FORCES, 'THEN the 
speed of thb object doesn't change. So it 
sr/»ys oa / /i SPHERE, allows rue sams 
distance from the- center of tfe onion. Tt 
follolos a qeoPEsic, that is, a qRefir 

CIRCLE, ON THIS SPHERE, 


<ms UHLL DO TUB 


-TRICK « 



WHEN Mr. Aub BUT HIT IT KiYfH 
His HAtmefi, THIS »S WHfrf HAPPENED. 
You CAN S€6 THAT TH& EFFECT 

Less MeARtft Tne cenTeR. 



Here is a Dent CcR a 3 UN\P, it makes no difference). The contour lbvsls 
,iohich are WOT geodesics !) have BeeN dRAujn / audn^ ujith onB selected 


geodesic. 







Ho u) do you. d fcive * 
CHROMOSCAPHE, ANVumy ? 



■\SN 


Vou Doig'r. IT DRipes 

you. 


Mo puttin' ygR. Poor d flHW, 
o SPBBPI Pj' ■ ^ oeS ,r 

4 K6VER5E' GEAR 7 


^Z\ 


Tm rneoRy, 


lHiNG,UMfAy 


*frtl5 -THInI^U wrAy, 
"fiAESIAS, <5 rJUS'f. . • 


•Jr tooftKS ukE a CLEPSYDRA - an/ ancient 

WATER. CLOCK. -THE RESERVOIR. IS 

CHROMOL at a pressure Pg. Outside the. 

CHR0N05CAPHE TR£ PRESSURE IS Pc . 


(*) MEA10; <He SECOND PRINCIPLE op ^€£M0J>yNAMICS ms 

"THAT IT /5 IMPOSSI8LC To FOLLOW THE Q£OD£ SicS OF SPACE-T/M6 


^Cosmic Park} /m rue reverse direct/oa/. 
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Since: -the pressure is createR than P €i 

•Trie. CHRONOL FLOUJS OUT And THE 

CHRoNOMer&Z. shows rue time 


THAT HAS PASSED 




T& 




deeper you. descend into ~th€ ^ 
chaonoLj the more the pressure P € 
increases, Since the Rate of flow is 

proportional to CP A - P e ) / rue pressure- 

DIFFERENCE y Time flows Mode SCoculV 
^ At qfioATEH DEPTHS. 


THE DEPTH IS TH€ SPEED. So 


<Hfc FAsTefL you ^o, THG SLOWER. 


■f/ME PASSES 


. C*) 


And at the speed of u<^nr i P £ 

•s exactly eehal To P^ And riMB 
GRINDS To a halt. 





And you can't travel faster than uc,ht, because you. 

can't qo ANy DEEPER THAN THE CENTER- OF CflSM/C PARK. 



(*)S&€ EVERYTHING IS RELATIVE:, ^AMe SERIFS 






A VE*.y MASSIVE BODV PRODUCES a LARGE AMOUN'T' OF CURVATURE 
SPAce"flME- ^HlS MEAWS THAT ANy NEARBY OBJECT, £VE/V OWE AT REST 

is /MMeftstro ini CHRONOL at a higher fressure. Sa, for \r t t/me 

Euaws MoAE StowuV THAN IT lOOacLD FOR AkJ OBJECT AT REST / BUT" 


far. p*<j/h anv aiass. "This suuv/a/^ doom/ of t/me happens, ror. 
instance ' NZAA. A suPEADeNse OBJECT Stu:H AS A NEltrfROtf STA£. 
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COnnUNiCATiON 


CdeUj H€Re u )6 A*e /Aisioe 
our cHRonoscaPHgs ■ f-lou) can u)e 
commu.ni cate ojith each orrte#? 



By vlsin €\ PHOTONS. 


IHOfONS — -flNy QuAhiflTlGS OF 
a^HT — 6£HAV£ tusj- u*e A 
SEAR.CH/./ G,HT BEAM ^ SbOB.^PlN& ) 

across au- fwe u\ yg«.s of Cosmic 
Park at; a constant an^ula/?. 
vgioo r y. 







sec*- 0 v a — 


5 pe el> v? 


V 6 >Va 


Am object A, TiSAveuiNe* 

at a speet> , CAM 

Tfti^eR. oPP ome op -these 

\ 5EARcHUG,HT BEAMS IN 

\ -the- dipectiom of aiv 

\ outer B , M0V/1M<^ AT 



U$HT 1 5 AN OSCILLATORY 
PH6NOM t5.NO N, To CoHlCtf LOG 

crttj associate a frequenc/ ^ 



Uooo fteQoeNci Hi qh frequency 

/And its color. :1nfrarep Red Oranqe Veuu»i^ Green Buts Violet Ultraviolet 
is determined B/ 


ITS FREQUENCY. 



The FREQUENCIES OF THE- PHOTONS EMITTED 0*. RECEIVED umll. BE MEASURED 
RELATIVE To "THE FLOW-RATE OF Ti MB IN THE CHRoaJoScAPHE OF TW G 

emitter or receiver. ‘In chrohoscaphe A, Archie sends ollT BLUE uqht. 

He HaPPEMS To be in a REGION of SFACE THAT IS H/CjH Li CURVED- FOR FXAMPLF 
He IMAV BE NEAR A NeuTRoN STAR. OF ENORMOUS MASS. 

SoPHIZ, /N CHRONoSCAPHE S, RECEIVES Trt(5 LI^WT. SHE /s A loa/<5 

wAy from The super dense oBtect. So HeR T/me" flclos fAste#, and shg 

measures A LotcieR frequency. 'To HER, the color of -the- U^H'T 

SEEMS To HAVE SHIFTED 'T0LOARO5 RSD, 
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A& cH|€ is standing on A N^icfRoN STAR, (.We have 

T6MPo*P>filLy SUSPENDED THE EFFECTS Of ON HlS BODV / SlNCG 

rHftT looulP /nstantlV SPREAD H/M <5UT platted than a 


PANCAKE 






SECOND ENCOUNTER 
WiTH A BLACK HOLE 




£ooK5 cite fit T«u/*w»ef __ 
OA. fit -roK.Hfi>T>0, 


sp eex> 


^ } Racxo loaves ake SifYWLPtR. -ro u ght u)Aves. -They H^ve <we same 
Op propa^ ATioN c 7 but loujer. frequency. 5~5~ 




YiK£-5 ! 1*5 A 

black, Hole - ll 

^7 - • 


/4wi> Mtf. 4uee<^r 

L^fN/NY tfftVE ■FftLUC.H IN! 



mmm 




Cam you see -them j 


'THE BCrFToM oF "THE BLACK fVoLE 

;5 -TOTHLU OPA6)UE • I 



'l. CANl STILL, see THEM, gU-T -THEI& ^ 
CHROWOSCAPHE HAS £*ONE A DULL OKAM^e COLO^. 


Hallo? /A,?. /1l8e£t- LewNy? 
Afle yea f?ec eiving, me 


AS G^ofLN SQuePity AN 'e's 





Hi5 voice 15 SEfr/NG, DEEPeft AMD 


Peered, u*e a tfecofcp sloumn^ 

->_ DotJH ! __ 








BEE COMMUNICATION PROBLEMS 
u>Hen you. uve in veRy D iFFeReN'f 
"<ltAE zones."'' 








A MATTER OF TIME 


'fHff t>FFPeR. . Albert and Lenny s/nk into the chponol, t'he 
M cRF the ousts ipg ’pressure Pe increase^, the slower -tae clepsyora 

RUNS OUST OF CHRONO L y A-MD TAg SLOWER TIME RWujS in THEIR CHRoNoSCAPHE. 

UJhfn -they g,et Do ion to 
■the Borrow of THJNGfS / at rue 

SPEED OF UG,HT } THEIR u)ATER-CLoCK 

Has lost only a lnyuteD amount of 

CHRoNOL, U) HicH MEANS THA T T>/£y REACH 
THC Borrow IN A- E1NH£ Time, AccoR-DirJc, 
ro THe rtroe Flowing, IN THEIR OloN CHRONQSCflPHE. 
Bur if Sophie, Archie, Max, pwd 

'TiRESIAS CoulJ> CONTINUE ro TRACK THElR- 
PESC£NT, To THEM it UJOULP SEEM INTElLMlNABLE. L/<$HT EMITTED By 



rne chrc^oscaphe would drop peep into tub infrared, bfuhd the ranc,e OF VISIBLE 

LlGjHT } COHILE THE RADIO MESSAGE ioouLD Sound coioeR AtVP LotOCR- AND 


SLOWER. And slouseR. 



■%t reminds ME o f the Paradox of Achilles and the snail. Achilles 

TRIES CATcH THE SNAIL , B/ REPEATEDLY HALVING) rpE DISTANCE BETLOEEN 

-/WEM. Hoik'd think IT lOoulP Qo oM FORenER, BUT -Th/F STEPS 
ADD ujp to A ElMXXEL rornu Tine. 
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AHE CHftONOL, u)HO DOESf/T REALIZE 5Pflce'T/mg 15 CURVED. To HIM, 'The 
FKOH- neR. OF THE 6 LAQL HOLE - THE EVEfJT HORIZON/ - L^KS Ll^e Pt 
ClKCLE*, ioHICH IS REACHED AT the SPEED OF u^HT 
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•’*?' '* '*v>Va! 






OH look., -this /s ujheRE dE 

C4Me //V — BACK AT CHRoNOSCAPHE #3, 

(ijHicH hasn V moved. 


^ Our. Lime excursion abound -the' black. 

HOLG HA'S SLOWED DodN DuR A<qiNGi PROCESSES. \ 

owe or ms jvtfD srflyep Hr rest in -the third 
CHR cNoscfiPHe ^ He ioa“-U> have had t"o wait hunpreps 
^_OR MAYBE MILLION* op 'YEARS FOR OUR RETURN- j 


loner e do black holes 

LEAP 'TO J* 



THAT ukulD Be" A RE^iom ThaT NoBoDy s 
could ENTER. All you coulP do 
LC>OULP BE TO COMP OLCT op it! 


NoBODy KNOtOS. AlcoRP/njq 
TO THE THEORISTS y AN flNTX~ 

BLftCK HOL£ could exist. 






A oJhitf Fountain 







the Cosmic ?ah a mope l, nene's a 
wrty you could -join up A BLACK UoL f/ 
LOri/re FOUNTAIN PAifi. 





/'rue UJnrre Fountain /s > 

eXACTLi THE SAME , EXCEPT -THAT ITS 

G,eovesic.s Ffive TyeiZ. 

C orientation Rev cased. 


'MmsteV '■■ 


BurT war's h'ZnsidF^* 
4 SLACK 'olE x ovefz TH€ 
Bunkin' ‘ORlZON ? T.S 

tx fust A load Of. . . 

NU.FF/N'? _ 





you tOBAfJ T*PT -Trie 

/MTC*IO* OF A BLACK HoLZ 
is pllre NONEXlS'fCNCfc . 



fsl« ( ''/he' " / /Mfe«/oK * OF "THE 

SLACK Hole is TU5T THE exreRloR. OF ITS 

Associated toHire fountain 


* 1 hf ftteRt rcape* mm. have noticed 
<Hat in this model fne Black Holc / 

WHrTF fouNTA iN P4i4 QiVES ALL -fWF LAItfLS 
Of Cosmic Pakk -thf srsucruRp of a 

N/ONOl?IeNTABte SURFACE, vol-fH 0 /vJLy oNC Sipf. 
PASSAGE THROUGH -fHF HOLE SENDS o 85*^15 
INTO ^TKeiK MiKKjOA IMA^cS. Fort. ex amp lE,J 
R[ corses ou-T AS fl . / 








AS CLEAR AS MUD 

$\jJ T'HgK^ ARf OTHCR THE6#IES TOO. SoME PEOPLE TH/NK 
BtriCK rtoLES Put M.S ffvj COMTACT «)KH A 'TuW UtilVtRSC . 



£ 2 , 
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